
From: Geiger, William
To: Hasson, Robert
Subject: FW: Metal Bank Sheet Pile Wall (UNCLASSIFIED)
Date: Monday, February 24, 2014 3:03:45 PM
Attachments: Final Metal Bank Sheet Pile Design Memorandum 120508.pdf

William A. Geiger
Remedial Project Manager
Hazardous Site Cleanup Division (3HS21)
U.S. Environmental Protection Agency
1650 Arch Street
Philadelphia, PA  19103-2029
Phone: 215.814.3413
Geiger.William@epa.gov

-----Original Message-----
From: Fatzinger, Travis T NAP [mailto:Travis.T.Fatzinger@usace.army.mil]
Sent: Monday, February 24, 2014 11:26 AM
To: Geiger, William
Subject: RE: Metal Bank Sheet Pile Wall (UNCLASSIFIED)

Classification: UNCLASSIFIED
Caveats: NONE

Will,

Here is the paragraph the describes where the surcharge loading was placed and why.

"The surcharge was placed over a 20' wide strip directly behind the wall based on the wall's intended
purpose. The surcharge is to simulate a construction load for working on and around the wall, such as
waler construction, dredging, etc. This being the case, any actual surcharge that would be exerted on
the wall during construction activities, such as a crane load, should be placed on timber mats to ensure
distribution of the loads imposed by equipment. The results are tabulated in Figure 9."

It is from page 7 of the attached memo for reference. Let me know if you have any additional
questions.

Thanks,

Travis Fatzinger
Geotechnical Engineer
100 Penn Square East
Philadelphia PA 19107
215-656-6681

-----Original Message-----
From: Geiger, William [mailto:Geiger.William@epa.gov]
Sent: Friday, January 31, 2014 10:33 AM
To: Fatzinger, Travis T NAP
Subject: [EXTERNAL] Metal Bank Sheet Pile Wall

Travis, thanks again for attending the meeting for Metal Bank on Monday.  Your input was very helpful. 

mailto:/O=EXCHANGELABS/OU=EXCHANGE ADMINISTRATIVE GROUP (FYDIBOHF23SPDLT)/CN=RECIPIENTS/CN=6D073AE5B7E147D58031A4E85A605027-WGEIGER
mailto:Hasson.Robert@epa.gov
mailto:Travis.T.Fatzinger@usace.army.mil
mailto:Geiger.William@epa.gov
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PROJECT DESCRIPTION 


The Metal Bank NPL Site is located on the Delaware River in Philadelphia, Pennsylvania.  The 
site is the location of an ongoing environmental remediation project.  In order to limit erosion from 
the upland side of the site into the Delaware River, a sheet pile wall system, including tierods and 
deadmen was designed.  The extent of the sheet pile wall erosion control system is depicted in 
Figure 1. 
 
 


 


Figure 1 – Extent of Sheet Pile Erosion Control System 


 
 
During the installation of the sheet piles, the contractor was unable to install some sections of the 
wall to the full design tip elevations (depths).  Additional measures were taken by the contractor 
in an attempt to install the piles to the design tip elevations, to the point where some of the tops 
of the sheet piles were damaged (Figure 2).  Even with this extra effort and force applied, some 
of the piles experienced refusal above the design tip elevation. 
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Figure 2 – Damaged Sheet Piles 


 
 
The purposes of this Design Memorandum (DM) are to: 1) describe the problem; 2) select 
strategic sections along the sheet pile erosion control system for analysis; 3) analyze the 
selected in their “as-built” condition for stability; 4) assess if the original 150 pounds per square 
foot (psf) surcharge may still be applied; and 5) assuming the 150 psf surcharge can be 
supported adequately, what is the maximum surcharge that can be applied behind the wall. 
 
 
1.  Problem Description 


 
The original design performed by Hart Crowser assumed certain penetration depths would be 
achieved by the sheet piles.  During construction, in several areas along the wall’s alignment, 
refusal was experienced at an elevation higher (shallower) than that which was required by the 
design calculations of Hart Crowser.  In this as-built condition, it is unclear if the system will be 
stable if installed to plans & specifications.  Also, the allowable surcharge that may be permitted 
at the top of the wall needs to be calculated. 
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2.  Selection of Analysis Sections 
 
AMEC conducted a review of the available information including field log data for the installed 
sheet piles, as-built survey performed by RETTEW Associates, Inc. of the sheet pile wall, 
available geotechnical information and sheet pile wall calculations & plans prepared by Hart 
Crowser.  Using this information, it was identified that a minimum of three sections should be 
assessed, one for each design ‘zone’ set up by Hart Crowser.  Based on an in-depth review of 
the field log data and as-built survey, it was concluded that two additional sections, one each in 
zones 2 & 3, were critical to the review.   
 
These sections were chosen for a couple of reasons; 1) to assess the effect of sheet pile tip 
deviation from the required design tip elevation, and 2) to assess critical wall height.  The critical 
wall height assumed a maximum dredge depth elevation, which accounts for the placement of a 
rip rap mattress, although no passive resistance will be considered from this rip rap. 
 
Based on this, AMEC recommended that a total of five analysis sections be reviewed for stability 
and support of surcharge loads. 
 
3.  Analysis of the As-Built Conditions 
 
Five sections were selected for analysis of as-built conditions with regards to the final tip 
elevation of the sheet piles.  These areas are tabulated below in Figure 3. 
 
 
 
 
 
 
 
 
 
 
 


Figure 3 – Tabulated Analysis Sections 


 
 
Along with the physical limits of the sheet pile wall, the subsurface conditions and soil design 
properties must be considered as well.  These were taken from Hart Crowser’s analysis as 
detailed in Figure 4.  The cross sections called out; A-A, B-B & C-C; correspond to their design 
‘zones’; 1, 2 & 3 respectively.  Using these soil design properties and the as-built sheet pile data, 
AMEC input each analysis section into two separate design programs to perform the stability 
analysis.  These programs are SLOPE/W by GEO-SLOPE International, Ltd. and ProSheet 2 by 
ProfilARBED ISPC.   
 
 
 


Analysis 
Section


Sheet 
Pile 


Numbers


Hart 
Crowser 
Design 
'Zone'


Design 
Top of 
Wall 


Elevation


Maximum 
Dredge 
Depth 


Elevation


Design 
Sheet 


Pile Tip 
Elevation


As-Built 
Sheet 


Pile Tip 
Elevation


A 18-19 3 11 -10 -40 -24.5
B 29-30 3 11 -10 -40 -27.5
C 41-43 2 11 -9.5 -28.6 -25.5
D 69-70 2 11 -8 -28.6 -34
E 107-109 1 11 -5 -21.7 -24
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Figure 4 – Soil Design Properties 


 
 
Using the parameters outlined above, in each analyzed section, the sheet pile erosion control 
system was assessed.  A typical design profile set-up from SLOPE/W is displayed in Figure 5.  
The section depicted here is from Analysis Section A, with a surcharge applied to a twenty foot 
wide strip directly behind the wall.  The surcharge portion of the analysis will be explored in a 
latter portion of this DM. 
 
Once the physical elements of the system and the design properties are established in the 
program, SLOPE/W performs a Finite Element (FE) analysis using the Morgenstern-Price 
method to determine the minimum Factor of Safety (FS) the sheet pile wall has against failure.   
 
The settings were placed to use an entry & exit method for the slip surface, analyzing up to 2,000 
failure circles at the analysis section.  Of those, the 50 most critical are stored and an optimal 
critical slip surface is identified, most likely non-circular.  The FS is then calculated for the input 
conditions. 
 
As a matter of a redundant check, the same sections were analyzed using ProSheet.  ProSheet 
is a simplified design software, that works for a sheet pile wall that is anchored at a single level.  
Once the project & soil conditions are input, all pressures acting on the wall are identified and 
moments are summed about the location of the anchor.  Once they are equalized to establish 
adequate tip penetration criteria, the sum of forces is used to determine the anchor force 
required. 
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Figure 5 – Typical Design Profile (Analysis Section A) 


 
 
When Analysis Section A was analyzed using SLOPE/W, a FS of 2.225 was calculated against 
failure (Figure 6).  Similarly, Prosheet calculated a required sheet pile penetration of just over 
35.5 feet, yielding a FS of 3.335 (Figure 7).  The FS calculated in the ProSheet program is a 
function of the allowable stress available in the sheet pile section selected and maximum stress 
calculated in the wall section.  Also to note is that the calculated required anchor force, 6.33 kips 
per foot of wall, or approximately 76 kips, is less than the specified 108 kips for this section of 
wall.  This indicates that the anchors are not overstressed. 
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Figure 6 – Analysis Results for Section A 


 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


Figure 7 –ProSheet Output 
for Section A 


 


2.225
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The results for all Analysis Sections are tabulated below in Figure 8.  As a point of reference, an 
acceptable minimum FS of 1.15 is typically specified for this type of application.  The reason for 
this acceptable FS, if a failure of this system were to unfortunately occur, the health and safety of 
the general public would not directly be affected.  Using the minimum values in the table, this 
minimum FS is not being approached with the sheet pile erosion control system, as-built, with no 
surcharge load applied. 
 
 
 
 
 
 
 
 
 
 
 
 
 


Figure 8 – Tabulated Results for Analysis Sections 


 
 
4.  Surcharge Analysis: 150 PSF 
 
Using the same methods established in the previous section, a surcharge of 150 psf was applied 
to each Analysis Section.  Then each section was analyzed for stability against failure. 
 
The surcharge was placed over a 20’ wide strip directly behind the wall based on the wall’s 
intended purpose.  The surcharge is to simulate a construction load for working on and around 
the wall, such as waler construction, dredging, etc.  This being the case, any actual surcharge 
that would be exerted on the wall during construction activities, such as a crane load, should be 
placed on timber mats to ensure distribution of the loads imposed by equipment.  The results are 
tabulated in Figure 9. 
 
 
 
 
 
 
 
 
 
 
 
 


Figure 9 – Tabulated Results for Analysis Sections 


Calculated 
FS


Calculated 
Sheet 


Length (ft)


Calculated 
Anchor 


Load (kips)
A 35.5 108 2.225 2.231 35.8 79
B 38.5 108 1.786 3.335 35.6 76
C 36.5 108 1.556 5.441 29.6 59
D 45 108 1.680 6.150 28.4 55
E 35 70 2.120 4.774 22.4 39


AS-BUILT ANALYSIS - NO SURCHARGE LOAD APPLIED
ProSheet


Analysis 
Section


Actual 
Sheet 


Length (ft)


Max. 
Anchor 
Load 
(kips)


SLOPE/W 
Calculated 


FS


Calculated 
FS


Calculated 
Sheet 


Length (ft)


Calculated 
Anchor 


Load (kips)
A 35.5 108 1.263 3.023 35.9 85
B 38.5 108 1.225 2.023 36.1 88
C 36.5 108 1.247 4.891 29.9 66
D 45 108 1.426 5.498 28.8 62
E 35 70 1.788 4.187 22.7 45


AS-BUILT ANALYSIS - 150 PSF SURCHARGE LOAD APPLIED
ProSheet


Analysis 
Section


Actual 
Sheet 


Length (ft)


Max. 
Anchor 
Load 
(kips)


SLOPE/W 
Calculated 


FS
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After analysis, the allowable FS of 1.15 is not exceeded at any Analysis Section.  Also, none of 
the anchor loads are greater than the maximum loads nor any calculated sheet lengths longer 
than the installed lengths.  Based on this analysis, the sheet pile wall can safely support the 150 
psf surcharge load applied within a 20’ wide zone directly behind the wall. 
 
 
5.  Surcharge Analysis:  Maximum Surcharge 
 
In order to allow the contractor to work as efficiently as possible, it was requested that AMEC 
further investigate additional allowable surcharge loads behind the sheet pile erosion control 
system. 
 
Similarly to the last section, the surcharge was placed over a 20’ wide strip directly behind the 
wall considering the wall’s purpose.  As stated above, the surcharge is to simulate a construction 
load for working on and around the wall, such as waler construction, dredging, etc.  The results 
are tabulated in Figure 10. 
 
 
 
 


 
Figure 10 – Tabulated Results for Analysis Sections 


 
 
 
 
 
 
 


Calculated 
FS


Calculated 
Sheet 


Length (ft)


Calculated 
Anchor 


Load (kips)
A 200 35.5 108 1.157 2.931 36.1 81
B 200 38.5 108 1.122 1.961 36.2 91
C 200 36.5 108 1.185 4.729 30.1 69
C 250 36.5 108 1.084 4.577 30.2 72
C 300 36.5 108 1.035 4.433 30.3 74
D 250 45 108 1.208 5.132 29 67
D 300 45 108 1.079 4.965 29.1 70
E 300 35 70 1.195 3.718 23 51
E 350 35 70 1.116 3.581 23.1 53
E 500 35 70 0.954 3.221 23.4 59
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An allowable FS of 1.15 was used as the criteria to establish the allowable surcharge loads that 
may be applied to the sheet pile wall.  Please refer to Figure 10 for the results of this analysis.  It 
is AMECs recommendation that the following construction surcharge limits be enforced 
accordingly: 
 


Zone 1 300 PSF 
Zone 2 200 PSF 
Zone 3 150 PSF 


 


 


Conclusions and Recommendations 


It is AMECs opinion that it is acceptable to proceed with the construction of the wall as designed 
and constructed.  It is further acceptable to work atop the wall and apply a construction 
surcharge, not exceeding the limits outlined herein. 
 
The limits of this analysis pertain to the global stability of the sheet pile erosion control system.  
AMEC did not perform structural checks of the individual components including but not limited to 
concrete deadmen, tierods, continuous walers, or other components. 







We are in the process of issuing an ESD requiring Institutional Controls that would prohibit activities
that could dmage or interfere with the sheetpile wall (among other remedial components at the Site). 
We received a comment from the PRP group asking for examples of activities that could potentially
interfere with the effectiveness of the sheet pile wall. 

Since you seem to be the expert on this matter, I was wondering if you could give me some
examples.... Besides the obvious of running a bulldozer through it or something.... Thanks

-Will

William A. Geiger

Remedial Project Manager

Hazardous Site Cleanup Division (3HS21)

U.S. Environmental Protection Agency

1650 Arch Street

Philadelphia, PA  19103-2029

Phone: 215.814.3413

Geiger.William@epa.gov <mailto:Geiger.William@epa.gov>

Classification: UNCLASSIFIED
Caveats: NONE

mailto:Geiger.William@epa.gov

